Summary. One-cell CF-1 \m=x\ B6SJLF1/J embryos, which usually exhibit a 2-cell block to development in vitro, have been cultured to the blastocyst stage using CZB medium and a glucose washing procedure. CZB medium is a further modification of modified BMOC-2 containing an increased lactate/pyruvate ratio of 116, 1 mM-glutamine and 0\m=.\1mM-EDTA but lacking glucose. Continuous culture of one-cell embryos in CZB medium allowed 83% of embryos to develop beyond the 2-cell stage of which 63% were morulae at 72 h of culture, but blastocysts did not develop. However, washing embryos into CZB medium containing glucose after 48 h of culture (3-4-cell stage) was sufficient to allow development to proceed, with 48% of embryos reaching the blastocyst stage by 96 h of culture. Exposure of embryos to glucose was only necessary from the 3\p=n-\4-cell stage through the early morula stage since washing back into medium CZB without glucose at 72 h of culture still promoted the development of 50% of embryos to the blastocyst stage. The presence of glucose in this medium for the first 48 h of culture (1-cell to 4-cell stage) was detrimental to embryo development. Glutamine, however, exerted a beneficial effect on embryo development from the 1-cell to the 4-cell stage although its presence was not required for development to proceed during the final 48 h of culture. Blastocysts which developed under optimum conditions contained an average of 33\m=.\7total cells. The in-vitro development of 1-cell embryos beyond the 2-cell stage in response to the removal of glucose and the addition of glutamine to the culture medium suggests that glucose may block some essential metabolic process, and that glutamine may be a preferred energy substrate during early development for these mouse embryos.
Introduction
The culture of 2-cell mouse embryos to the blastocyst stage can now be performed with consistency in a variety of chemically defined media containing lactate alone (Whitten, 1957; Brinster, 1963) or lactate and pyruvate (Brinster, 1965a) as energy sources. These blastocysts are capable of implan¬ tation and fetal development upon transfer to recipient pseudopregnant females (Biggers et al, 1965 ).
The culture of 1-cell mouse embryos to the blastocyst stage has met with more limited success. With the exception of some inbred and Fl strains (Whitten & Biggers, 1968; Kaufman & Sachs, 1976 ; Goddard & Pratt, 1983 ), 1-cell mouse embryos exhibit what has been termed a '2-cell block' to development in vitro, i.e. the 1-cell embryos undergo a single cleavage division in vitro and are arrested at the 2-cell stage. In experiments using reciprocal crosses between blocking and nonblocking strains, Goddard & Pratt (1983) have demonstrated that this in-vitro 2-cell block is a maternally regulated phenomenon. By transferring cytoplasm from a non-blocking embryo to a blocking embryo, Muggleton-Harris et al (1982) and Pratt & Muggleton-Harris (1988) have shown that the block is mediated by a cytoplasmic component which may be lacking in embryos from blocking strains.
The ability of 1-cell mouse embryos to develop in vitro has been shown to be a function of mouse strain (Whitten & Biggers, 1968; Kaufman & Sachs, 1976; Abramczuk et al, 1977) , medium components Cross & Brinster, 1973; Abramczuk et al, 1977; Loutradis et al, 1987) and culture conditions (Quinn & Harlow, 1978) .
Two factors reported independently to be beneficial for culture of some blocking strains of embryos are: a lactate/pyruvate ratio approaching 120 (Cross & Brinster, 1973) and the addition of EDTA to the culture medium (Abramczuk et al, 1977) . However, there is considerable variation in the success of these culture modifications in different laboratories.
The mouse is not the only species which exhibits a block to development in vitro as hamster, rat and pig all exhibit a block to in-vitro development at various stages. For example, golden hamster embryos block in vitro at both the 2-and 4-cell stage and only 2% of 8-cell embryos develop to blastocysts (Bavister et al, 1983) . However, supplementation of the basic culture medium with a group of four amino acids increased the development of 8-cell hamster embryos to blastocysts to 36% (Bavister et al, 1983) . Carney & Bavister (1987) showed that, of the four amino acids in this culture medium, glutamine was the most efficient at improving development.
In this study we have attempted to develop a completely defined medium which will consistently allow culture of 1-cell embryos from mice which exhibit a block in vitro to the blastocyst stage. We have selected the CF-1 mouse for this study because it blocks at the 2-cell stage in all media tested in our laboratory although Dandekar & Glass (1987) Schumacher & Fischer (1988) suggested that as little as 1 h of exposure to light is significantly harmful to Day-1 rabbit embryo development. All solutions, dishes and instruments were maintained at 37°C before use.
Culture media. Embryos were cultured in four basic media: a modified version of Whittingham's (1971) original Medium 16 (Ml6), modified Whitten's medium (WM) (Hoppe, 1985) , modified Earle's BSS (EBSS) with EDTA (Dr Ann Kiessling, personal communication) and a modified BMOC-2 medium (Ebert & Brinster, 1983) Brinster (1965b) for development of 2-cell embryos. (Sokal & Rohlf, 1981) Effect ofglutamine and glucose on embryo culture
To determine the relative effects of glucose and glutamine on development, a 22 factorial experiment was performed (Table 6 ). One-cell embryos were cultured in Medium CZB with or without glucose and/or glutamine for 48 h and were then washed into identical medium containing glucose for the remainder of the culture period. Glucose, although required after Day 3, was detrimental to embryo development during the first 48 h of culture (Table 6 ). Glutamine enhanced the rate of morula and blastocyst formation on Day 5, both in the presence and absence of glucose. Optimal development occurred in Medium CZB which contained 1 mM-glutamine but no glucose for the first 48 h. By analysis of variance, the removal of glucose and the addition of glutamine both caused independently significant improvements in embryo development. There was no significant interaction detected between glucose removal and glutamine addition by this analysis. 
Discussion
In the present study, the 2-cell block to in-vitro development of 1-cell CF-1 x B6SJLF1/J embryos has been overcome by optimizing the culture conditions and the medium used for culture. These embryos were shown to block at the 2-cell stage in Medium M16, WM and EBSS with EDTA. The removal of glucose from the medium during the first 48 h of culture led to a significant improvement in embryo development beyond the 1-cell stage. Brinster (1965c) observed a slightly detrimental effect of glucose on development of 2-cell random-bred Swiss mouse embryos. In the hamster, Schini & Bavister (1988) In the present study, glutamine promoted significant improvement in development from the 1-cell stage to the blastocyst stage. Its primary influence is exerted during the first 48 h of culture. Glutamine is accumulated by the 1-2-cell mouse embryo (Brinster, 1971) to a greater extent than at least 10 other amino acids. Glutamine has been implicated as an important amino acid in the maturation and development of hamster (Gwatkin & Haidri, 1973) and rabbit (Bae & Foote, 1975) oocytes and in the development of hamster embryos beyond the 2-cell block (Schini & Bavister, 1988) and the 8-cell block (Bavister et al, 1983; Carney & Bavister, 1987) . The role of glutamine in the development of the embryo is not clear although in cultured somatic cells glutamine can be utilized as an energy substrate in place of glucose (Eagle et al, 1955; Reitzer et al, 1979 
